ABSTRACT The fragmentation of urban landscapes − or the inter-penetration of the built-up areas of cities and the open spaces in and around them − is a key attribute of their spatial structure. Analyzing satellite images for 1990 and 2000 for a global sample of 120 cities, we find that cities typically contain or disturb vast quantities of open spaces equal in area, on average, to their built-up areas. We also find that fragmentation, defined as the relative share of open space in the urban landscape, is now in decline. Using multiple regression models, we find that larger cities are less fragmented, that higher-income cities are more fragmented, that cities with higher levels of car ownership are less fragmented, and that cities that constrain urban development are less fragmented. We recommend that making room for urban expansion in rapidly growing cities should take into account their expected fragmentation levels.
I. INTRODUCTION
Cities and metropolitan areas the world over are now highly fragmented, their fringes typically made up of disconnected patches of urban fabric broken up by swathes of vacant land. The fully built-out city of old, surrounded by a wall and situated in the open countryside, did not fragment any open space nor was its built-up area fragmented by open space. The modern urban landscape is quite different: "Breaking out of the old bounds, walls, boulevards or administrative limits which set it apart, the city has massively invaded the open country, though parts of the countryside may have kept their rural appearance." (1) Both city and country now inter-penetrate and fragment each other.
A key question that has confronted urban planners, policy makers and concerned environmentalists worldwide for some time is whether the fragmentation of the urban landscape is an inherent feature of contemporary cities that must be taken into account in planning for and managing urban expansion, or whether it is a disorderly, wasteful and undesirable form of sprawl that must be brought under control through containment or growth management strategies of one type or another. Sprawl was indeed defined almost 50 years ago as "…a lack of continuity in expansion", (2) and since then many writers have bemoaned the ill-effects of scattered or "leapfrogging" development and the costs it imposes both on the built environment (3) and on the rural fringe of cities:
" [P] arcelization of farmlands leads to a checkerboard distribution of farmlands, i.e. many non-contiguous fields. Farming such scattered plots is problematic." (4) Landscape ecology studies also maintain that settlements developed near a forest or prairie affect vegetation and wildlife along their edges, often in a belt up to 100 metres wide.
(5) The fragmentation of urban landscapes is therefore an important concern both in terms of the efficiency of the built environment and in terms of the ecology of the open spaces in and around cities.
Discontinuous development has been explained by urban economists as the result of the operation of market forces. Ewing, paraphrasing Lessinger and Ottensman, explains: "Expectations of land appreciation on the urban fringe cause some landowners to withhold land from the market... The result is a discontinuous pattern of development." (6) And some economists have observed that while fragmentation may be inefficient in the short term, it leads to more efficient development patterns in the long term:
" [C] ontrary to conventional wisdom, a freely functioning land market with discontinuous patterns of development inherently promotes higher density development." (7) Such views suggest that fragmentation is indeed an inherent feature of the urban expansion process and that it is not the result of the failure of land markets on the urban fringe, a failure that would have to be addressed by ameliorative action on the part of the state.
While it would be difficult to dispute that some fragmentation on the urban fringe is necessary for the proper functioning of land markets, and is indeed an inherent feature of the urban landscape, there is a quantitative aspect to this assertion that is left unexplored: how much fragmentation would be necessary and sufficient for the smooth functioning of the urban development process, and when can we determine that fragmentation is excessive and requires ameliorative action to reduce it? In fact, we may ask a number of questions regarding fragmentation that require quantitative answers:
• How fragmented are cities and metropolitan areas and what is the minimum observed level of fragmentation at the present time? • Are cities becoming more or less fragmented over time?
• What level of fragmentation needs to be taken as a planning norm when projecting the area needed for urban expansion in a given city, say 20−30 years ahead?
We can also ask more specific empirical questions about levels of fragmentation in particular countries and cities:
• Are Chinese metropolitan areas, as few observers have suspected, (8) more fragmented than other metropolitan areas and if so, why?
• Has urban containment in Portland, Oregon reduced fragmentation within its strictly enforced urban growth boundary over time?
These are all empirical questions that have not been properly addressed in the literature, be it in landscape ecology or in urban studies, and it is precisely those questions that we seek to address here. Analyzing satellite images for 1990 and 2000 for a global sample of 120 cities, we find that cities typically contain or disturb vast quantities of open space equal in area, on average, to their built-up areas. We also find that fragmentation, defined as the relative share of open space in the urban landscape, is now in decline. Using multiple regression models, we find that larger cities are less fragmented, that higher-income cities are more fragmented, that higher levels of car ownership tend to reduce fragmentation, and that cities that constrain urban development are less fragmented than cities that do not. We recommend that making room for urban expansion in rapidly growing cities should take into account their expected fragmentation levels.
II. DATA AND METRICS
The unit of investigation in this study is the metropolitan area, typically a central city surrounded by suburbs and secondary cities that form a relatively contiguous whole. The urban landscape in cities and metropolitan areas is occupied by urban uses that include all land in residential, commercial, industrial and office use, land used for transport, parks and public facilities, protected land and vacant land. It does not include cultivated lands, pasture lands, forests, farms and villages, intercity roads and nature areas that are not in the immediate vicinity of, or fully contained by, urban built-up areas. The terms "city" and "metropolitan area" are used interchangeably.
The database for the study is a set of digital maps based on satellite images of 120 cities and metropolitan areas in two time periods, one circa 1990 and one circa 2000. (9) In an earlier 2005 study, (10) we identified a total of 3,945 large cities with populations of 100,000 or more that were home to a total of 2.12 billion people, or three-quarters of the world's urban population in the year 2000. The global sample of 120 cities ( Figure 1 and Table 1 in the Appendix) is a stratified sample from this universe, including cities from nine geographic regions, four population size classes and four per capita income classes. The nine region classification approximates that of UN−Habitat, (11) except that developed countries were regrouped into two regions: land-rich developed countries that had more than 0.6 hectares of arable land per capita in 2000 (US, Canada and Australia − 13 cities in the sample); and Europe and Japan (19 cities in the sample).
For each sample city we obtained two medium-resolution Landsat satellite images, one for each time period. These images were classified into built-up and non-built-up 30×30-metre pixels using a thematic extraction algorithm.
(12) Using 10,000 Google Earth validation sites, Potere et al. (13) reported that pixels identified as built-up in our sample were found to be built-up in Google Earth 91 per cent of the time, and those identified as built-up were identified in our sample 89 per cent of the time, confirming a relatively high level of accuracy. This data set allowed us to estimate and explain variations in fragmentation and in the rate of change in fragmentation during the 1990s. It also allowed us to analyze variations in density (14) and in urban land cover.
Landscape ecology studies have long been concerned with measuring fragmentation.
(16) Unfortunately, the measures proposed in the literature proved inappropriate for the comparative study of the fragmentation of urban landscapes on a global scale. Thus for this study, we have constructed two new fragmentation metrics (the first one following Burchfield et al. (17) ) and three subsidiary ones:
• the openness index is the average share of open space pixels in the walking distance circle around each built-up pixel in the city; • the urban landscape ratio is the ratio of the urban landscape area and the built-up area in the city; The intermediary metrics used for calculating these fragmentation metrics (shown in italics above) are defined as follows:
• the walking distance circle is a circle with an area of one square kilometre around a given built-up pixel; • urban built-up pixels are pixels that have a majority of built-up pixels within their walking distance circle; • suburban built-up pixels are pixels that have 10-50 per cent of built-up pixels within their walking distance circle; • rural built-up pixels are pixels that have less than 10 per cent of built-up pixels within their walking distance The reader should note that we have given common words such as "urban", "suburban" and "rural" very specific quantitative meanings here, which − while corresponding to our intuitive understanding of these terms − do not necessarily correspond to the unique manifestations of these terms within specific cities. The urban landscapes of Bandung in 1991 and 2001 are shown in Figure 2 . In 1991, Bandung had a built-up area of 108.7 square kilometres, of which 64 per cent was "urban", 34 per cent was "suburban" and two per cent was "rural". Fringe open space added 103.2 square kilometres and captured open space added 5.1 square kilometres, respectively, to its built-up area. The urban landscape area thus amounted to 217 square kilometres, roughly double its built-up area. The openness index in the city was 0.41 and the urban landscape ratio was 2.0. The area of new development in Bandung between 1991 and 2001 amounted to 45.1 square kilometres, of which 23 per cent was infill, 60 per cent was extension and 17 per cent was leapfrog. By 2001, the built-up area of Bandung was 153.8 square kilometres and its urban landscape area was 284.9 square kilometres; its openness index declined to 0.37 and its urban landscape ratio declined to 1.85 as it became less fragmented. Burchfield et al. follow Clawson (18) in perceiving urban sprawl simply as the fragmentation of the urban landscape. They define fragmentation as the average share of a one-square kilometre urban neighbourhood that is occupied by open space. This definition does not distinguish between open space in permanent public or private use and open space that is vacant land that will be built on eventually. Clearly, the remote sensing of open space pixels cannot distinguish between these different categories of open space. As noted earlier, we measure fragmentation with two complementary metrics: the openness index and the urban landscape ratio. The first, following Burchfield et al., (19) measures the average share of open pixels within the walking distance circle of every built-up pixel in the city. It is a neighbourhood scale measure of fragmentation. The second is the urban landscape ratio, which is a citywide measure of fragmentation. Both are area metrics, not per-person metrics, and are therefore independent of the density of built-up areas. (20) What, one may ask, is the share of open space in a typical city neighbourhood? Our key findings regarding fragmentation in the 1990s can be summarized as follows: the average value of the openness index in the global sample of 120 cities was almost one-half; that is, typical neighbourhoods contained as much open space as their built-up areas. Similarly, urban landscapes, on average, were double the size of the built-up areas of cities; on average, open space added an area to the city equivalent to its built-up area − at a minimum, it added 36 per cent to the built-up areas of cities.
III. FRAGMENTATION IN THE GLOBAL SAMPLE OF CITIES, 1990-2000
More specifically, urban landscapes circa 2000 added 93±7 per cent,
on average, to the built-up areas of cities, a surprisingly high figure with rarely a reference to it in the literature. They added only 40 per cent to the built-up area of Los Angeles, California (the fourth lowest value), nearly 90 per cent to the built-up area of Ho Chi Minh City, Vietnam (the median value) and 180 per cent to the built-up area of Zhengzhou, China (the second highest value) (Figure 3 ). The mean value of the openness index for a typical city was 0.47±0.02 in 1990 and 0.42±0.02 in 2000, and these values were very similar to the values found by Burchfield et al. (22) for the United States. They reported a value of 0.43 in 1976 and 0.42 in 1992. The openness index values appear to be normally distributed about their mean (Figure 4, top The findings for the urban landscape ratios paralleled those for the openness index with minor differences, but their distribution appears to be more skewed (Figure 4, bottom) . The mean value of the urban landscape ratio for a typical city was 2.00±0.07 in 1990 and 1.92±0.07 in 2000, and there were no significant differences in this ratio between developed and Why are some cities more fragmented than others? Traditional urban economic theory does not seek to explain differences in fragmentation levels in cities, and we are therefore not able to test hypotheses derived from that theory. We have had to formulate our own hypotheses, largely based on our intuitive understanding of the phenomenon as well as on the analysis done by Burchfield et al. (23) Multiple regression models testing these hypotheses can explain 30 to 50 per cent of the variation in levels of fragmentation among cities in the global sample.
(24) The fragmentation of urban landscapes can be explained by variations in such factors as city population size, income, levels of car ownership, topographical restrictions on expansion, the availability of well water, the preponderance of informal settlements, and to a small extent by the presence of restrictions on expansion.
In 2000, larger cities had significantly lower levels of fragmentation than smaller cities. A doubling of the city population was associated with an 11 per cent decline in the openness index. We postulated that the more people there are living in a city, the higher the demand for land and the higher the prices for that land. The higher the value of vacant lots in the city, the higher the incentive for landowners to sell them. Also, the higher the value of vacant lots, the more expensive it is for municipalities to acquire land for parks and playgrounds. We would therefore expect that large cities would be less fragmented than smaller ones.
Cities with more buildable land in and around them were more fragmented. A doubling of the share of buildable land was associated with a 12 per cent increase in the openness index. It stands to reason that cities surrounded by unlimited amounts of cheap, developable land would be more fragmented than cities whose outward development is constrained in one way or another. Cities with severe geographic constraints on their expansion, such as water bodies or steep slopes, are likely to be less fragmented than cities that can readily expand in all directions.
Cities in countries with higher incomes also had higher levels of fragmentation. A doubling of income per capita was associated with a 12 per cent increase in the openness index. Other things being equal, cities with higher average incomes would consume more of everything, including land, and especially land in permanent use as open space in both public and private ownership. It is also possible that in rich cities, more capital is available to hold land vacant. If these contentions are true, then we can expect cities in richer countries to contain more open space and hence to be more fragmented than cities in poorer countries.
Cities in countries with higher levels of car ownership per capita were less fragmented. A doubling of the level of car ownership per capita was associated with an eight per cent decline in the openness index. The availability of private automobiles can have two quite contradictory effects on the fragmentation of cities. On the one hand, to the extent that private automobiles make transport cheaper, they enable people to travel further and to cover greater distances on their way to work, to market, to school and to other destinations. If the cost of covering an extra kilometre of road is relatively low, people would not mind living in more fragmented cities where they would have to cover the extra distances involved in crossing the open spaces between their destinations. That would suggest that cities in countries with high levels of car ownership per capita would be more fragmented than cities in countries with low levels of car ownership.
On the other hand, private automobiles facilitate door-to-door travel and can move with great ease along roads both narrow and wide, both paved and unpaved, in almost all weather conditions. In the absence of private automobiles, people must combine walking and public transport to get from place to place. Public transport, especially rail transport in its variety of forms, involves a much larger investment per kilometre than is required for a kilometre of road, especially a narrow, unpaved one. It is more expensive, therefore, to cover an urban area on the urban fringe with a dense network of public rail transport or with wide arterial roads on which buses can travel comfortably than it is to cover the area with a dense network of cheap, narrow, unpaved roads. And this is especially true when such fringe areas are built at low densities. This suggests that the private automobile better supports infill development than public transport, and that it is easier to infill the urban fringe with homes that rely on private automobiles than with homes that rely on an efficient system of public transport. If this were the case, then the prevalence of private automobiles would be associated with higher levels of infill and consequently with lower levels of fragmentation. It was difficult to determine in advance which factor would be more powerful in determining whether levels of automobile ownership and fragmentation would go hand in hand or in opposite directions. Empirical results suggest that the second effect is more powerful than the first one.
Access to well water also increased fragmentation: A doubling of the share of the population that obtained its water from wells was associated with a 12 per cent increase in the openness index. Burchfield et al. note that: "…in places where water-yielding aquifers are pervasive, developers can sink a well instead of connecting to the municipal or county water supply." (25) This makes them more footloose and less likely to develop sites that are immediately adjacent to built-up areas. Hence, we can expect cities where people can obtain water from wells to be more fragmented than cities where water can only be obtained by connecting to the municipal water supply.
The density of built-up areas did not affect the spatial fragmentation of cities one way or another. In principle, the density of built-up areas and their levels of fragmentation are not necessarily related. Levels of fragmentation measured, for example, by the urban landscape ratio were quite independent from built-up area densities. That said, can there be a causal relationship between density and fragmentation? We can think of cities or parts of cities, like the Kasbah in Fez, Morocco, for example, with dense built-up areas that are also contiguous to each other, leaving very little open space between them. In such places, high density and a low level of fragmentation go hand in hand. Alternatively, we can think of cities or parts of cities where land is ample and cheap and where people live in large plots that are scattered across the land, leaving plots of vacant open spaces between them. In both these types of cities, density and fragmentation pull in opposite directions: high density and low levels of fragmentation go hand in hand, and low density and high levels of fragmentation go hand in hand. We can hypothesize that in these types of cities, maturity may be the overpowering factor: it determines both the average built-up area density and the average level of fragmentation. When cities are fully mature and have gone through many cycles of building and rebuilding, densities are high and fragmentation is low; and when cities are not yet mature, densities are low and fragmentation is high. We can also hypothesize that the price of land may be the overpowering factor. When land in the city is in short supply, land prices are high and therefore densities are high and fragmentation is low; when land is in ample supply, land prices are low and therefore densities are low and fragmentation is high.
We can also think of high density and open space as substitutes, where density and fragmentation pull in the same direction. Le Corbusier's 1925 "Plan Voisin" proposal for Paris, France, for example, combined high density development in built-up areas with a high level of fragmentation of these built-up areas by open spaces. High built-up area density was thus accompanied by a high ratio of open area to built-up area. In this case, we can say that substantial amounts of open space compensated residents for high density living. In parallel, we can think of families who seek larger lots in fully built low density suburbs as internalizing the open space that is missing from their neighbourhoods. If they cannot ensure that the ample vacant spaces in their neighbourhood will stay vacant, they want to make sure that when the neighbourhood is fully built-up they will still have access to open space on their own plots. In both of these types of cities -the "Plan Voisin" type city and the low density suburb − density and fragmentation pull in the same direction: high density and high levels of fragmentation go hand in hand, and low density and low levels of fragmentation go hand in hand. We can hypothesize that in these types of cities people's preferences for proximity to open space is the overpowering factor. When open space nearby is ample, people do not mind living at high densities. When it is in short supply, they prefer living at low densities, where they can internalize open space within their private domains.
The presence of informal settlements was associated with a decline in fragmentation. A doubling of the share of the population in informal settlements was associated with an eight per cent decline in the openness index. Poor families in developing country cities typically do not have access to the formal housing market, often resorting to the construction of houses in squatter settlements and informal land sub-divisions. It has often been remarked that squatter settlements and informal land subdivisions are located on undesirable land that is subject to flooding or mudslides, on leftover plots of land, on disputed land with unclear title, or on vacant public land. This suggests that informal settlement is often infill development, taking advantage of any vacant land that is not used by the formal sector. This would imply that cities with significant shares of their population living in informal settlements would be less fragmented than cities with small shares of their population in informal settlements.
The importance of agriculture to the country's economy was also associated with higher levels of fragmentation. A doubling of the share of the country's GDP from agriculture was associated with an eight per cent increase in the openness index. We postulated that cities in countries that derive a significant share of their national income from agriculture would have agricultural lands in and around their cities that would still be cultivated. Cities in these countries are therefore likely to be more fragmented than cities in countries with smaller shares of their GDP derived from agriculture.
The availability of large quantities of agricultural land in the country did not lead to the increased fragmentation of urban areas. We postulated that cities in countries with large amounts of arable land per capita are likely to be more fragmented than cities in countries with limited supplies of arable land. In the former, land is more likely to be cheaper and conversion of agricultural lands to urban use easier than in the latter. The empirical evidence does not support this contention.
Finally, planning restrictions were associated with a decline in fragmentation. A doubling of the area of the metropolitan plan where no development was allowed was associated with a six per cent decline in the openness index. Several researchers have noted that: "…urban growth boundaries are a successful tool in preventing urban incursions into agricultural areas." (26) As we shall see later, the urban growth boundary in Portland, Oregon, for example, has significantly reduced fragmentation as measured by all indices, including the openness index. More generally, limits on the conversion of land from rural to urban use, and zoning regulations that prevent urban development in parts of the metropolitan area restrict the possibilities for leapfrog development and thus encourage infill. To the extent that these planning policies are effective, we would expect them to increase the share of infill in new development and thus reduce fragmentation.
IV. THE DECLINE IN FRAGMENTATION, 1990-2000
Levels of fragmentation measured by both the openness index and the urban landscape ratio declined significantly between 1990 and 2000 in the global sample of 120 cities. More than two-thirds of these cities experienced a decline in the urban landscape ratio, compared to less than one-third which experienced an increase. On average, infill constituted 50.9±1.7 per cent of all new development between the two periods, extension 26.0±1.3 per cent and leapfrog 23.1±1.4 per cent.
The average openness index declined from 0.47 to 0.42 and the average urban landscape ratio declined from 2.01 to 1.93 between 1990 and 2000. The rate of change of the openness index was -1.2±0.1 per cent per annum and that of the urban landscape ratio was -0.04±0.01 per cent per annum. Both rates were significantly different from zero and did not vary among the three regional groups or among developing countries and developed countries. To put the latter rate in perspective, it was one-third the rate of decline in the urban landscape ratio within Portland's urban growth boundary between 1973 and 2005, which was -1.2 per cent per annum (see Case study 2).
Multiple regression models could explain 14 to 43 per cent of the variation in the annual rate of change of the openness index in the sample of 120 cities. The models showed that the faster the rate of population growth in the city, the faster the rate of decline in the openness index. A 10 per cent increase in the population growth rate is associated with a 2.7 decline in the rate of change in the index.
Rapid economic growth, in contrast to rapid population growth, leads to increased fragmentation. A 10 per cent increase in the rate of growth of GDP per capita is associated with a one per cent increase in the rate of growth of the openness index.
The higher the level of car ownership in the country, the faster the rate of decline in the openness index, but that effect, while significant, was minimal.
26. Peiser (1989) , see reference 7, pages 201−202, paraphrasing Knapp (1985) and Nelson (1986) ; see Knapp, Gerrit J (1985) , "The price effects of urban growth boundaries in metropolitan Portland, Oregon", Land Economics No 61, February, pages 27−35; and Nelson, Arthur (1986) , "Using land markets to evaluate urban containment programmes", Journal of the American Planning Association Vol 52, Spring.
The rate of inflation or restrictions on the conversion of land from rural to urban use could not be said to effect significant changes in the rate of change in the openness index.
To conclude, the fragmentation of urban landscapes declined during the 1990s and cities therefore became less sprawled, if sprawl is seen as scattered development. This finding contrasts with the evidence reported elsewhere that average built-up area densities also declined during the 1990s, (27) and cities thus became more sprawled if sprawl is seen as low density development.
While it has been difficult to obtain comparative data that could be used to test the effects of policies on urban fragmentation at a global scale, it was possible to begin to examine these effects in the two case studies presented below.
a. Case study 1: Excessive fragmentation in Chinese cities
Although not well-documented, fragmentation in Chinese cities is indeed excessive and most likely the result of the existence of a dense pattern of villages − villages that are quite urban in terms of their residential and industrial composition − in and around cities, as well as state policies that prevent cultivated land from being converted to urban use. The mean value of the urban landscape ratio for the nine Chinese cities (not including Hong Kong) in our global sample for the year 2000, for example, was 2.40. For the rest of the cities in the sample it was 1.89. The Chinese cities in the sample had urban landscape ratios that ranged from 2.1 in Shanghai and Beijing to 2.8 in Zhengzhou. These values were significantly higher than those of other countries. Why?
It has often been noted in the academic literature that there is a broad "rural-yet-urban" fringe in Chinese cities, a zone termed desakota by urban geographers who studied Indonesia and later China in the early 1990s.
(28) In this zone, there is a dense scatter of villages with a high share of non-agricultural activities and a large number of workers who commute to urban jobs in the city proper. As Chinese cities are often located on formerly densely settled agricultural lands, they enclose and incorporate many villages as they grow and expand outwards, while villages further out become more urban in character:
"The urbanization process unfolding is thus caused not only by a stream of rural-to-urban migrants but also by urbanization in place; that is, entire districts becoming more urbanized at all levels of the rural−urban continuum." (29) But the existence of a dense pattern of urban villages on the periphery of Chinese cities does not explain the proliferation of cultivated lands within Chinese cities. Indeed, as Bertaud has noted: "…[t]he result of sample land use surveys conducted in suburban areas in Chengdu, Tianjin and Zhengzhou shows that on average about 34 per cent of the land within existing ring roads remains under agricultural use while urban development expands much farther away from the city centre." (30) Angel et al., (31) "The Chinese government has given a high priority to agricultural land preservation in its food security policies, among them the Basic Farmland Protection Regulation of 1994, the 1998 Land Management Law and the New Land Administration Act of 1999." (32) They also estimated that fragmented cultivated land in Zhengzhou, for example, is only half as productive as land in larger fields in the surrounding Henan province, as most farming families have other sources of income (e.g. from the rental of rooms or city jobs). They observed that strict central government limitations on land conversion have forced the municipality of Zhengzhou, for example, to appropriate the built-up areas of several of its surrounding villages while leaving their cultivated lands intact, then to demolish dense affordable housing there and redevelop the areas for urban use ( Figure 5 ). Similar actions are taking places in other Chinese cities. These policies, they claim, exacerbate the fragmentation of cities in China, fragmentation that results in inefficient infrastructure networks, longer commutes, inland supply bottlenecks that lead to exorbitant land and housing prices and in unproductive agriculture. What is more, shying away from cultivated land exacerbates forced evictions from − and demolitions of − rural structures. (34) suspect, there is good reason to expect that land supply in Portland will eventually be constrained, with concomitant effects on housing affordability.
The chief aim of the boundary was to contain urban sprawl and to preserve the natural beauty of the surrounding countryside. Sprawl was not precisely defined, but we can take it to mean sprawl as low density development as well as sprawl as fragmentation. We have examined the change in built-up area density and in the urban landscape ratio within the boundary between 1973, when the boundary was enacted, and 2005. To our surprise, we found that average built-up area density did not increase during this period. In fact, it declined from 23.5 to 21. Density aside, the creation of Portland's urban growth boundary was associated with a rapid decline in fragmentation. Figure 6 shows the increase in the built-up area within Portland's urban growth boundary between 1973 and 2005. During this period, Portland's urban landscape ratio declined from 2.20 to 1.51 at an average rate of -1.2 per cent per annum. If this decline continues, it will soon reach the level of fragmentation in Los Angeles, the fourth lowest among the cities in the global sample of 120 cities. The urban landscape ratio of Los Angeles declined from 1.47 to 1.40 in the 1990s, at an annual rate of 0.5 per cent.
V. CONCLUSIONS: ALLOWING FOR FRAGMENTATION IN MAKING ROOM FOR URBAN EXPANSION
Given the results of our foregoing analysis, we can begin to answer some of the questions posed at the outset. On average, the inclusion of open space in the urban landscape doubles the area of that landscape. If that average were to be considered a global norm, we would advise urban planners, policy makers and concerned environmentalists not to be surprised to find half of their city's landscape occupied by open space; and that they should be surprised if it varied substantially from that norm. In planning and preparing for urban expansion, they may assume that in the absence of active intervention, future urban landscapes can also be expected to continue to be half empty. They should also be advised that, as a minimum global norm, they should expect urbanized open space to add no less than 40 per cent to the built-up area of their city unless it was a highly atypical outlier yet to be discovered. In other words, they may assume that as some vacant spaces closer to the city centre are filled in, new open space will be incorporated into the urban landscape on the urban periphery, so that open space continues to add at least 40 per cent to the built-up area of the city at any one time. That said, without additional information, we still cannot say whether this would be sufficient to ensure the smooth functioning of land markets.
In truth, we have insufficient data to determine what range of ratios is common to cities with an unconstrained supply of urban land, ratios that
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The decline in fragmentation within Portland's urban growth boundary, 1973−2005 ensure that housing remains affordable. It stands to reason that projected urban landscape ratios in a city with unconstrained land supply should be higher than the minimum observed in the global sample of cities (1.4) and in Portland (1.5). If this were the case, then the areas planned for, say, 20−30 years of urban expansion must be at least 50 per cent larger than the areas obtained by simply projecting populations and built-up area densities. While we cannot apply such an estimate to individual cities with different topographies (e.g. steep slopes and floodplains), different historical levels of density and fragmentation, and different amounts of open space in permanent use, and while we know that expected fragmentation levels are in global decline, we can only urge planners to include these in their calculations. This would, of course, result in preparing substantially larger areas for expansion. Should cities employ rigorous containment measures to bring excessive fragmentation under control? There may be sufficient cause for reining in excessive fragmentation where it appears to be, at least partially, the result of misguided land policies, as is the case in China. And a case can be made for reducing ex-urban fragmentation through policy intervention in areas that, projected 20−30 years into the future, are expected to still be outside urban landscapes, say by postponing the official designation of lands as urban or by delaying the extension of the urban infrastructure network into these ex-urban areas.
The urban population in developing countries, for example, is expected to double between 2000 and 2030, (35) from two to four billion. As we reported elsewhere, (36) given the persistent decline in densities during the last century, their built-up areas and urban landscape areas can be expected to triple. In preparing their rapidly growing cities for expansion, while ensuring the smooth functioning of their land markets, we must be willing to designate ample room for 20−30 years of projected expansion − allowing for the expected level of fragmentation as well as for the expected decline in average urban densities − and to make minimal preparations for rendering these areas of expansion accessible and supplying them with basic urban services. We urge responsible planners, policy makers, activists and concerned citizens everywhere to make room to accommodate the expected expansion rather than seek to contain it. We fear that under the expected population pressures and the limited abilities of the authorities in many developing countries to regulate land use, these efforts, noble as they may be, are likely to fail, resulting in cities and metropolitan areas that are less efficient, less equitable and less sustainable than they could be if minimal preparations for expansion were made in a timely manner. 
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